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Abstract 

Background: Tea is one of the most consumed beverages worldwide. The healthy effects of tea are attributed to a 
wealthy of different chemical components from tea. Thousands of studies on the chemical constituents of tea had 
been reported. However, data from these individual reports have not been collected into a single database. The 
lack of a curated database of related information limits research in this field, and thus a cohesive database system 
should necessarily be constructed for data deposit and further application. 

Description: The Tea Metabolome database (TMDB), a manually curated and web-accessible database, was developed 
to provide detailed, searchable descriptions of small molecular compounds found in Camellia spp. esp. in the plant 
Camellia sinensis and compounds in its manufactured products (different kinds of tea infusion). TMDB is currently the 
most complete and comprehensive curated collection of tea compounds data in the world. It contains records for 
more than 1393 constituents found in tea with information gathered from 364 published books, journal articles, and 
electronic databases. It also contains experimental ] H NMR and 13 C NMR data collected from the purified reference 
compounds or collected from other database resources such as HMDB. TMDB interface allows users to retrieve tea 
compounds entries by keyword search using compound name, formula, occurrence, and CAS register number. Each 
entry in the TMDB contains an average of 24 separate data fields including its original plant species, compound 
structure, formula, molecular weight, name, CAS registry number, compound types, compound uses including 
healthy benefits, reference literatures, NMR, MS data, and the corresponding ID from databases such as HMDB 
and Pubmed. Users can also contribute novel regulatory entries by using a web-based submission page. The 
TMDB database is freely accessible from the URL of http://pcsb.ahau.edu.cn:8080/TCDB/index.jsp. The TMDB is 
designed to address the broad needs of tea biochemists, natural products chemists, nutritionists, and members of tea 
related research community. 

Conclusion: The TMDB database provides a solid platform for collection, standardization, and searching of compounds 
information found in tea. As such this database will be a comprehensive repository for tea biochemistry and tea health 
research community. 
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Background 

Tea is the second most highly consumed beverage world- 
wide other than water. However, unlike water, tea contains 
thousands of chemical components including polyphenols 
(mainly catechins, flavonoids and its glycosides, proantho- 
cyanidins, phenolic acids and their derivatives), purine 
(xanthine) alkaloids, terpenoids and its glycosides, aroma 
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precursors, aroma compounds, fatty acids, amino acids, 
carbohydrates, etc., which showed a wide spectrum of bio- 
activities [1-11]. Since the 1950s, tea has been vigorously 
researched. According to the web of knowledge, the pub- 
lished items on tea compounds have increased from single 
digit number of articles per year in 1950s to current more 
than 600 ones, with total citations of more than 23,000 
each year now (Figure 1). The high average citations (27/ 
item) and high h-index (149) suggested that research re- 
lated to tea is a hot spot (Figure 1). However, data from 
these individual reports have not been collected into a 
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Figure 1 Published items and citations for Tea chemistry during the latest 20 years. 



single database. The lack of a curated database of related 
chemicals limits research in this field, and thus a cohesive 
database system should necessarily be constructed for data 
deposit and further application in related field. 

Therefore, the tea metabolome project has been launched 
as an effort to identify all detectable compounds in tea 
and tea related manufactured products. In addition to ex- 
perimentally identifying and quantifying hundreds of com- 
pounds in tea infusions, this multi-year project was also 
formally tasked with backfilling and validating the infor- 
mation on all previously identified compounds and pro- 
viding this information as a freely available electronic 
database called the Tea Metabolome Database (TMDB). 
Most of the collecting compounds in the current TMDB 
version 1.0 are known compounds thanks to the work 
done by thousands of tea biochemists, natural products 
chemists, and metabolic biochemists over the last 60 years. 
Currently, TMDB collects 1473 compounds information, 
including 1393 compounds from the species Camellia 
sinensis and its varieties, 60 compounds from other Cam- 
ellia spp., 1 from red tea (Leptospermum scoparium), and 
17 in vivo metabolites of tea catechins which had been 
found in human, mice, and rats. Flavonoids, terpenoids, 
purine alkaloids, and theanine are the four major types of 
chemicals in tea. Metabolic pathways of the four classes of 
compounds are now available as those in the on-line 
metabolic pathway database KEGG [12]. More recently, 
information about C. sinensis unigene involved the sec- 
ondary metabolic pathways of flavonoids, theanine, and 
caffeine was also reported [13]. Although most of the 
compounds can be found in the already known data- 
bases, dictionaries, and textbooks such as HMDB [14-16], 
Dictionary of Natural Products (DNP) [17], Combined 



Chemical Dictironary (CCD) [18], KNApSAcK [19], 
Phenol-Explorer [20-22], Tea Biochemistry [23], and 
Grand Dictionary of Chinese Tea [24], etc., the informa- 
tion included in these resources does not meet the unique 
data requirements for tea biochemists or tea related re- 
searchers. Besides, very limited amount of chemical con- 
stituents were included in above databases (Table 1). 
Researchers need data directly related to chemical constit- 
uents from tea. The tea related data need to be readily 
available, fully referenced, easily searched and to cover as 
much information about tea compounds as possible. To 
address these needs, and to serve as a potential model 
for other tea metabolomic resources, we have developed 
the TMDB. 

The Tea Metabolome Database will collect the small 
molecular compounds (MW < 2000 Da) found in tea and 
its related manufactured products. 

Description, construction, content 

Fundamentally, the TMDB is a multi-purpose biochemin- 
formics database with focus on qualitative, analytic, and 
molecular scale description of the compounds from tea 
and their bioactivities. It combines enriched data from 
textbooks, journal articles, and other existing databases 
such as HMDB, Pubmed, etc. It also provides a large 



Table 1 Different amounts of chemical constituents from 
the genus Camellia included in the major compounds 
databases or dictionaries 



Databases 


HMDB CCD DNP KNApSAcK 


TMDB 


Number of compounds 
from Camellia (sinensis) 


106 312 295 250(195) 


1473 (1393) 
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Figure 2 TMDB: screenshot of drop-down box browse (left), name, other, and 1 D NMR search. 



Table 2 Each compound entry contains averagely 24 data fields 



TMDB ID 

CAS RN 
Entry name 
Synonym(s) 
System name 
2D structure 
Formula 
Mol weight 

Compound classification 

Tea taxonomy 

Latin name 

Chemists 

Initial amount 

Bioactivities 

References 

Publication year(s) 
'H NMR data 
'H NMR spectrum 
,3 C NMR data 
,3 C NMR spectrum 
MS data 
MS/MS data 
Pathways 
KEGG map 
HMDB ID 
Pubmed ID 



TMDB00001 

989-51-5 

3-0-(3,4,5-Trihydroxybenzoyl) 3,3',4',5,5',7-Hexahydroxyflavan 
3-0-Galloylepigallocatechin. Teatannin II. Epigallocatechin 3-gallate. EGCG 
(2R,3R)-5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)chroman-3-yl 3,4,5-trihydroxybenzoate 

C22H18011 
458.37172 

Catechins, Flavonoids 

Green tea, Black tea, Oolong tea, Dark tea 

Camellia sinensis 

Bao Guanhu, Zhu Yunfei 

1 g 

Shows anti-HIV activity. Tumour promotion inhibitor, putative cancer chemopreventive agent, affects tumour 
cell adhesion and invasion. Implicated in occup. asthma in green tea factories. Inhibits metalloproteinases 

J. Chromatogr. A 2005,1083, 223-228; Phytochemistry 2006, 67, 1849-1855; Magn. Reson. Chem. 1996, 34, 
887-890. (occur, nmr, ms) 

1 996. 2005. 2006 

2.71,2.92,4.86,5.42,5.87,6.42,6.86 

25.9,68.9,77.5,94.7,95.4,98.3,1 05.7,1 09.1 ,1 20.3,1 29.5,1 32.5,1 38.4,144.9,1 45.3,1 55.8,1 56.4,1 56.4,1 66.4 



Flavonoid 
map00941 
HMDB03153 
CID 65064 
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body of collected experimental data especially the ori- 
ginal NMR spectra. 

To compile, confirm, and validate the diverse data, the 
quantity and quality of experimental data, broad know- 
ledge are needed to meet the difficult and time consum- 
ing task of constructing the TMDB. Thus, the team 
of TMDB includes eight tea biochemists and natural 
products chemists, two NMR specialists, and three bioin- 
formticians with dual training in chemistry and computer 
science. 

The TMDB currently contains more than 1473 com- 
pounds entries with more than 30,000 different data 
entry fields. The metabolic pathways for flavonoids, ter- 
penoids, theanine, and caffeine are also provided. Hun- 
dreds of the compounds are linked to experimentally 
acquired or literature-sourced H, C NMR, data and 
the original NMR spectra as well. 



Utility 

The TMDB is fully searchable with built-in tools for 
viewing, extracting, and sorting metabolites, NMR and 
bioassay data. Detailed instructions on where to locate 
and how to use these browsing/search tools are provided 
on the TMDB homepage. It supports text queries instead 
of specific name queries. It also offers general data brows- 
ing using the "Browse" button located in the TMDB menu 
bar. When you put the mouse at "Browse" button, five 
items (TMDB ID browse, compounds sources browse, 
pathway browse, Latin name browse, and compound clas- 
sification browse) will appear in drop-down box (Figure 2). 
Clicking on the item opens a webpage describing the com- 
pound of interest in much greater detail. Each compound 
entry contains an average of 24 data fields (Table 2) with 
most of the information being devoted to chemical or 
physico-chemical data. 



Search:Plcase input value! 



Entry Naae: 
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Systea Stat: 


: v 





Note:Ih«n search chemical noses, a backslash (\) should be added before single quote Bark (' ) or double quote mark (* ), 
example, 3-0-(3, 4, 5-Trihydroxybenzoyl) 3, 3' , 4' ■ 5, 5' , 7-Hexahydroxyf lavan should be put into the query box as 3-0-(3, 4, 5- 
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Search:Please input value! 

Foraula: 

Publication Y«ar(s): 



| scare ri | 



for 



CAS RX: 
References: 
Pathray type 



1 1 


: v 


1 1 


: v 


1 1 


: v 



and v 



and v 



| search 



1H OR 13C NMR data! 



Peak Tolerance: 



0 01 
0 1 



sulf£e 



data: 
(DMS0-d6) 



I | | search | 

with Bruker AM-400 spectrometers operating at 400 



Spectra Library: [ 1H NMR v| 

Notc:The NMR spectra from our lab were recorded in dim< 
MHz for 1H NMR and 100 MHz for 13C NMR. respectively. 
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TMDB ID TMDB00001 
CAS RN 9S9-51-5 

Entrv name 3-0-(3. 4. 5-Trihvdroxvbenzovl) 3. 3' . 4' . 5. 5' . 7-Hexahvdroxvf lavan 

Figure 3 Retrieve a compound in three search methods (name, other, and 1D NMR data), search results, and metabolites 
detailed information. 
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Figure 4 TMDB: screenshot of the webpage from which new data can be added by an authorized compiler. 



It offers "Search" buttons too (Figure 2). When you 
put the mouse at "search" button, three search means 
are provided: name search, other search, and ID NMR 
data search (Figure 2). Clicking on the name search, you 
can search the entry name, synonym, or system name of 
any compound you want to retrieve. For example, if 
you put "EGCG" in the synonym name search, several 
related items will appear (Figure 3). Clicking the first 
item, you can find metabolites detail information of the 



compound "EGCG". The other search button provides 
CAS Registry Number, formula, references, publication 
year, and/or pathway type search for the compound you 
are interested in. 

A key feature of TMDB is that it also provides 
searchable NMR data with the similarity identification 
which is highly valuable for the identification of me- 
tabolites from the crude extract and the tea metabo- 
lomics research. 




Figure 5 Ten famous Chinese teas belong to the four categories of tea according to the increment of fermentation, up five: Xi-Hu 
Longjin, Lu-An Guapian, Huang-Shang Maofeng, Tai-Ping Houkui, Biluochun (all green tea, non-fermented); down five: Tianguanying 
(Oolong tea, semifermented), An-Xi white tea (partially fermented), Qi-Men also Keemun black tea (fully fermented), Pu-erh Tea (dark 
tea, post fermented), Jing-Wei Fu Brick tea (dark tea, post fermented). 
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Table 3 Compounds reported in different tea infusion 
and materials 



Tea taxonomy 


Number of compounds reported 


Green tea 


713 


Oolong tea 


140 


Black tea 


49/ 


Dark tea 


455 



User submit to TMDB 

TMDB provides a submit page that allows nonaffiliated 
researchers to independently contribute novel tea me- 
tabolites as they become available (Figure 4). 

For user submissions, primary required fields are: 1) 
plant species, 2) compound name, 3) compound for- 
mula, 4) compound molecular weight, 5) compound 
structure, 6) NMR data, 7) MS data, 8) tea taxonomy, 
9) reference. The curator(s) at our site conducts man- 
ual verification of the original publication(s) for data 
validation purposes to maintain the quality and integ- 
rity of the database. Submissions that pass this review 
process are then approved for entry into the TMDB 
database. Notably, all new submission will be made 
available in coming TMDB versions on a monthly re- 
lease schedule. 

Database implementation 

The TMDB is essentially a web-friendly front-end to 
a sophisticated MSSQL server relational database (2008 
R2). Both are maintained on a Windows server 2003 
equipped with a 2 GHz CPU processor and 2 GB of 
RAM. JSP scripts are run every night to read selected 
portions of the MSSQL database and to write out the 
data into raw text and XML formats. The raw text is 
dynamically rendered into HTML (with images and 
hyperlinks) using a series of custom JSP scripts. It is 
a Java application that uses Apache Tomcat server 7.0 
technologies such as Java server Pages (JSP) and Java 
servlets to manage web-based data input and data 
queries. 



Discussion 

In China, tea related drinking has been lasted for more 
than three thousand of years. Along with the historical 
development and social progress, different kinds of tea 
and tea culture were developed. Up to now, tea can be 
classified into four major types according to the degree 
of fermentation: non-fermented tea (green tea including 
premium teas from different places of China such as 
Xi-Hu Longjin in Zhejiang province, Lu-An Guapian, 
Huang-Shang Maofeng, Tai-Ping Houkui in Anhui prov- 
ince, Biluochun in Jiangsu province), partially fermented 
tea (white tea such as An-Xi white tea from Fujian prov- 
ince, yellow tea such as Huo-Shang-Huang-Ya from Anhui 
province, and Oolong tea such as Tianguanying from 
Fujian province), fully fermented tea (Black tea such as the 
famous Qi-Men also Keemun black tea from Anhui prov- 
ince), and post-fermented tea (dark tea such as the fam- 
ous Pu-erh tea from Yunnan province, brick tea such as 
Yi-Yang Fu Brick tea from Hunan province and Jing-Wei 
Fu Brick tea from Shanxi province, Bowl tea, and Tuo tea) 
[25-28] (Figure 5). 

The tea metabolome database is defined as the first 
comprehensive collection of small molecular compounds 
found from tea. Constitution of the tea metabolome 
database depends on that a compound is found from tea 
or tea products including the original tea plant, the 
processed or manufactured tea. The molecular weight of 
a compound is below 2000 Da which excludes big mole- 
cules such as protein and polysaccharides. Currently, 
TMDB does not collect metals either. Tea compounds 
are first identified by literature surveys such as text 
books, Dictionary of Natural Products (DNP), HMDB, 
and most from original journal articles. Some of the data 
especially the NMR data and spectra are collected from 
experimental sources in our team (NMR experiments 
were carried out using a Bruker Avance 400 MHz NMR 
spectrometer, DMSO-<i6, S as ppm). If a compound is 
found to originate from tea and to be within the molecu- 
lar weight limit, information about it is prepared by one 
member of our curation team and separately checked by 
other member of the team. Additional consistency checks 
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Figure 6 Distribution of number of compounds per exact mass. 
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of the information (molecular weight matches chemical 
formula, CAS number is correct, etc.) will be performed 
by senior natural products chemists. Every effort is being 
made to ensure the database is as complete, correct, and 
current as possible. 

The current database collects 1473 compounds, which 
is almost 6-10 times the amount of other databases. 
Since the research history of green tea and black tea 
were longer, more compounds had been found in these 
two types of teas than others. Additionally, one com- 
pound can exist in different types of teas. 713 com- 
pounds were found in green tea and 497 were found in 
black tea. Oolong tea is chemically studied from 1991 
and 140 compounds were reported. Although few stud- 
ies have been carried out on the compounds produced 
from microbial fermentation process and the changing 
chemical components during microbial fermentation of 
the dark tea until the upsurge about "Pu-erh Hot", which 
includes all the post-fermented teas such as Pu-erh tea, 
Brick tea, Bowl tea, and Tuo tea, 455 compounds are 
collected from these types of teas (Table 3). Interestingly, 
about ten B-ring fission catechins have been found spe- 
cifically existing in dark tea (the post-fermented tea) 
[28-34], which may be produced by the microbial de- 
composition of tea catechins [28-35]. 

Chemically, about 74% of molecular weight of the col- 
lection of compounds in TMDB is below 500 Da. More 
than 28% of the exact masses of the compounds corres- 
pond to a single compound which can be identified by 
high definition mass. However, as it can be seen from 
the distribution of number of compounds per exact mass 
in Figure 6, the amount of isomers can be up to 19, in 
which case the compounds of the unique chemical for- 
mulas were distributed over three or more chemical 
classes. This illustrates the strong need of reliable strat- 
egies for identification of these isomers which can be 
done to a certain extent using NMR spectra. In this case, 
one dimension NMR library was constructed. For NMR 
data queries of the ID NMR data, EGCG as the ex- 
ample, the 1 H NMR data were arranged and put in 
the query bar like this: 2.71,2.92,4.86,5.42,5.87,6.42,6.86 
(two decimals) and the 13 C NMR data like this: 25.9, 
68.9,77.5,94.7,95.4,98.3,105.7,109.1,120.3,129.5,132.5,138.4, 
144.9,145.3,155.8,156.4,156.4,166.4 (one decimal). Search 
the two series of data separately, a series of compounds 
will be found with the degree of similarity. Normally, the 

C NMR data will give better matches because of less 
effect of the experimental conditions on the data. There- 
fore, better matches can be found through 13 C NMR data 
search. 

The Tea metabolome database project, reported herein, 
provides the initial groundwork for an ongoing program 
for cataloging and utilizing compounds information in tea. 
Notably, the current version is not as comprehensive as 



we envision future versions to be. Ongoing collection and 
curation of new publications related to the concentration 
and MS in formation of metabolites from tea and tea 
products is essential to this program's success. New ver- 
sions of the databases are currently scheduled to be re- 
leased on a yearly basis, incorporating all new submissions 
to the database over the last month of the preceding year. 
This practice is expected to increase comprehensiveness 
and accessibility of the database, promoting broader inter- 
est from researchers worldwide. 

Conclusion 

We constructed the first comprehensive database for small 
molecular compounds from tea. The web-based program 
was created by manually reviewing widely scattered scien- 
tific literatures. This database, however, also provides a 
convenient submission interface for contribution of novel 
candidates by independent researchers. TMDB provides 
comprehensive, keyword-searchable tea compounds. Thus, 
TMDB will aid in rapid and complete exploration of the 
discovery of new compounds in tea and tea products, 
qualitative and quantitative analysis of tea products, 
standardization of the processing and manufacturing 
of tea and even chemical taxonomy of tea, serving as 
a valuable resource for future investigators in experi- 
mental chemistry and biochemistry concerned with 
commercial tea processing and characteristics. 

Availability and requirements 

Project name: TMDB: A literature-curated database for 
small molecular compounds found from tea. 

Project home pages: http://pcsb.ahau.edu.cn:8080/TCDB/ 
indexjsp. 

Operating system(s): Platform independent. 
Programming languages: JSP, WSSQL, HTML and 
JavaScript. 
License: Not required. 

Any restrictions to use by non-academics: None. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

YY and GC designed the software and website. ZZ, TX, XW initiated these studies. 
XL, TL, WW, and GL collected the materials, TY, XT, and GB designed the structure 
and filled in all data. GB designed and analyzed data and, with contributions from 
all authors, wrote the paper. All authors read and approved the final manuscript. 

Acknowledgements 

The research was supported by grants from the National 'Twelfth Five-Year" 
basic research program of China (973, 2012CB722903), the National Natural 
Science Foundation of China (Grant Nos. 81 1 70654/H0507), the National 
'Twelfth Five-Year" Technology Support Program of China (201 1 BAD01 B01), 
and Anhui Agricultural University Talents Foundation (YJ201 1-06), Major 
program of Acquisition of Academy Lead talent and team in Anhui Province 
Special Projects on Science and Technology of Anhui province (1 3Z03012) and 
Program for Changjiang Scholars and Innovative Research Team in University 
IRT1 10. Funding to pay the Open Access publication charges for this 
article was provided by the above grants. 



Yue ef al. BMC Plant Biology 2014, 14:243 Page 8 of 8 

http://www.biomedcentral.com/1471-2229/14/243 



Received: 5 June 2014 Accepted: 8 September 2014 
Published online: 16 September 2014 

References 

1 . Ulrich HE: 3.23 Chemistry of Tea, Comprehensive Natural Products II Chemistry 
and Biology, Development & Modification of Bioactivity, Volume 3. Oxford, 
United Kingdom: Elsevier Ltd: 2010:999-1032. 

2. Bao GH, Xu J, Hu FL, Wan XC, Deng SX, Barasch J: EGCG inhibit chemical 
reactivity of iron through forming an Ngal-EGCG-iron complex. 
Biometals 2013, 26(6):1 041 -1050. 

3. Yang CS, Wang X, Lu G, Picinich SC: Cancer prevention by tea: Animal 
studies, molecular mechanisms and human relevance. Nat Rev Cancer 
2009. 9(6):429-439. 

4. Moderno PM, Carvalho M, Silva BM: Recent patents on Camellia sinensis: 
source of healthpromoting compounds. Recent Pat Food NutrAgric 2009, 
1:182-192. 

5. Wheeler DS, Wheeler WJ: The medicinal chemistry of tea. Drug Dev Res 
2004, 61(2)45-65. 

6. Pinto MS: Tea: A new perspective on health benefits. Food Res Int 201 3, 

53(2):558-567. 

7. Zhu YX, Huang H, Tu YY: A review of recent studies in China on the 
possible beneficial health effects of tea. Int J Food Sci Technol 2006, 
41:333-340. 

8. Chen ST, Dou J, Temple R, Agarwal R, Wu KM, Walker S: New therapies 
from old medicines. Nat Biotechnol 2008, 26(10):1 077-1 083. 

9. Yang CS, Prabhu S, Landau J: Prevention of carcinogenesis by tea 
polyphenols. Drug Metab Rev 2001, 33(3-4)237. 

1 0. Yang CS, Sang S, Lambert JD, Hou Z, Ju J, Lu G: Possible mechanisms of 
the cancer-preventive activities of green tea. Mol Nutr Food Res 2006, 
50:170-175. 

1 1. Jochmann N, Baumann G, Stangl V: Green tea and cardiovascular disease: 
from molecular targets towards human health. Curr Opin Clin Nutr 2008, 

1 1 :758-765. 

1 2. KEGG: Kyoto Encyclopedia of Genes and Genomes: http://www.genome.jp/ 
kegg/. 

1 3. Shi CY, Yang H, Wei CL, Yu O, Zhang ZZ, Jiang CJ, Sun J, Li YY, Chen Q, Xia 
T, Wan XC: Deep sequencing of the Camellia sinensis transcriptome 
revealed candidate genes for major metabolic pathways of tea-specific 
compounds. BMCCenomics 2011, 12:131. 

14. Wishart DS, Tzur D, Knox C, Eisner R, Guo AC, Young N, Cheng D, Jewell K, 
Arndt D, Sawhney S, Fung C, Nikolai L, Lewis M, Coutouly MA, Forsythe I, 
Tang P, Shrivastava S, Jeroncic K, Stothard P, Amegbey G, Block D, Hau DD, 
Wagner J, Miniaci J, Clements M, Gebremedhin M, Guo N, Zhang Y, Duggan 
GE, Maclnnis GD, Weljie AM, Dowlatabadi R, Bamforth F, Clive D, Greiner R, Li L, 
MarrieT, Sykes BD, Vogel HJ, Querengesser L: HMDB: the Human Metabolome 
Database. Nucleic Acids Res 2007, 35(Database issue):D521-D526. 

1 5. Wishart DS, Knox C, Guo AC, Eisner R, Young N, Gautam B, Hau DD, 
Psychogios N, Dong E, Bouatra S, Mandal R, Sinelnikov I, Xia J, Jia L, Cruz JA, 
Lim E, Sobsey CA, Shrivastava S, Huang P, Liu P, Fang L, Peng J, Fradette R, 
Cheng D, Tzur D, Clements M, Lewis A, Souza AD, Zuniga A, Dawe M, Xiong 
Y, Clive D, Greiner R, Nazyrova A, Shaykhutdinov R, Li L, Vogel HJ, Forsythe I: 
HMDB: a knowledgebase for the human metabolome. Nucleic Acids Res 
2009. 37(Database issue):D603-D610. 

16. Wishart DS, Jewison T, Guo AC, Wilson M, Knox C, Liu Y, Djoumbou Y, 
Mandal R, Aziat F, Dong E, Bouatra S, Sinelnikov I, Arndt D, Xia J, Liu P, 
Yallou F, Bjorndahl T, Perez-Pineiro R, Eisner R, Allen F, Neveu V, Greiner R, 
Scalbert A: HMDB 3.0— The Human Metabolome Database in 2013. 
Nucleic Acids Res 201 3, 41 (Dl ):D801 -D807. 

17. DNP: Dictionary of Natural Products: http://dnp.chemnetbase.com/. 

18. CCD: Combined chemical dictionary: http://ccd.chemnetbase.com/. 

1 9. KNApSAcK, comprehensive species-metabolite relationship database for flavonoids. 
http://kanaya.naist.jp/KNApSAcK/. 

20. Neveu V, Perez-Jimenez J, Vos F, Crespy V, Chaffaut L, Mennen L, Knox C, 
Eisner R, Cruz J, Wishart D, Scalbert A: Phenol-Explorer: an online 
comprehensive database on polyphenol contents in foods. Database 2010, 
2010:bap024. doi:10.1093/database/bap024. 

21. Rothwell JA, Urpi-Sarda M, Boto-Ordonez M, Knox C, Llorach R, Eisner R, Cruz J, 
Neveu V, Wishart D, Manach C, Andres-Lacueva C, Scalbert A: Phenol-Explorer 
2.0: a major update of the Phenol-Explorer database integrating data on 
polyphenol metabolism and pharmacokinetics in humans and experimental 
animals. Database 2012, 2012:bas031. doi:10.1093/database/bas031. 



22. Rothwell JA, Perez-Jimenez J, Neveu V, Medina-Remon A, M'hiri N, 
Garcia-Lobato P, Manach C, Knox C, Eisner R, Wishart DS, Scalbert A: 
Phenol-Explorer 3.0: a major update of the Phenol-Explorer database 
to incorporate data on the effects of food processing on polyphenol 
content. Database 2013, 2013:bat070. doi:10.1093/database/bat070. 

23. Wan XC: Tea Biochemistry (in Chinese). 3rd edition. Beijing, China: China 
Agriculture Press; 2013:268-275. 

24. Chen ZM: Grand Dictionary of Chinese Tea (in Chinese). Beijing, China: China 
Light Industry Press; 2008. 

25. Ho CT, Lin JK, Shahidi F: Tea and tea products. Chemistry and health 
promoting properties. Boca Raton: CRC Press; 2008. 

26. Jiang HY, Shii T, Matsuo Y, Tanaka T, Jiang ZH, Kouno I: A new catechin 
oxidation product and polymeric polyphenols of post-fermented tea. 
Food Chem 201 1, 129(3):830-836. 

27. Kim Y, Goodner KL, Park JD, Choi J, Talcott ST: Changes in antioxidant 
phytochemicals and volatile composition of Camellia sinensis by 
oxidation during tea fermentation. Food Chem 2011, 129:1331-1342. 

28. Zhu YF, Cheng JJ, Ji XM, Hu X, Ling TJ, Zhang ZZ, Bao GH, Wan XC: 
Changes of major tea polyphenols and production of four new B-ring 
fission metabolites of catechins from post-fermented Jing-Wei Fu brick 
tea. Food Chem 2015, 170:110-117. 

29. Wulandari RA, Amano M, Yanagita T, Tanaka T Kouno I, Kawamura D, 
Ishimaru K: New phenolic compounds from Camellia sinensis L. leaves 
fermented with Aspergillus sp. J Nat Med 201 1, 65(3-4):594-597. 

30. Kanegae A, Sakamoto A, Nakayama H, Nakazono Y, Yakashiro I, Matsuo Y, 
Tanaka T, Ishimaru K: New phenolic compounds from Camellia sinensis L. 
fermented leaves. J Nat Med 201 3, 67(3):594-597. 

31 . Ling TJ, Wan XC, Ling WW, Zhang ZZ, Li DX, Hou RY: New Triterpenoids 
and other constituents from a special microbial-fermented tea — Fuzhuan 
Brick Tea. J Agric Food Chem 201 0, 58(8)4945-4950. 

32. Luo ZM, Ling TJ, Li LX, Zhang ZZ, Zhu HT, Zhang YJ, Wan XC: A new 
norisoprenoid and other compounds from Fuzhuan Brick Tea. 
Molecules 2012, 17(3)3539-3546. 

33. Huang YL, Nagai S, Tanaka T, Matsuo Y, Saito Y, Kouno I: Two new 
oleanane-type triterpenes isolated from Japanese post-fermented tea 
produced by anaerobic microbial fermentation. Molecules 2013, 
18(5)4868-4875. 

34. Luo ZM, Du HX, Li LX, An MQ, Zhang ZZ, Wan XC, Bao GH, Zhang L, Ling 
TJ: Fuzhuanins A and B: The B-ring fission lactones of flavan-3-ols from 
Fuzhuan Brick-Tea. J Agric Food Chem 201 3, 61 (28):6982-6990. 

35. Das S, Lamm AS, Rosazza JPN: Biotransformation of (+)-catechin to novel 
B-ring fission lactones. Org Process Res Dev 201 1, 15(1)231-235. 



doi:1 0.1 1 86/s1 2870-01 4-0243-1 

Cite this article as: Yue ef al: TMDB: A literature-curated database for 
small molecular compounds found from tea. BMC Plant Biology 
2014 14:243. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



